Trinomys eliasi is an endangered species of spiny rat endemic to a small area in the lowlands of Rio de Janeiro state (Brazil). Limited data on its biology and variation are available for designing conservation policies. Here, we provide data on genetic variation of T. eliasi, elucidating aspects of its evolutionary differentiation based on analysis of cytochrome b DNA. Our findings showed that T. eliasi diverged from its sister species T. paratus in the early Pleistocene or late Pliocene (~2.5 million years ago [mya]). Two T. eliasi mitochondrial lineages diverged in the early Pleistocene (~2.1 mya) and are currently separated by a large river and Holocene areas previously occupied by a vast Pleistocene internal sea, which may have operated as a historical barrier between populations. The haplotypes of the southern lineage diverged relatively late in the Pleistocene (~0.6 mya), and diversity of this lineage is not equally distributed across the landscape, but rather, it appears to be concentrated in the rainiest areas, which contain major forest remnants. This region should be considered a priority for conservation. In the northern extreme of Rio de Janeiro state, we found an isolated, highly divergent T. eliasi lineage, which deserves further investigation. This work highlights the need for fine-scale studies of genetic variation in endangered species for the preservation of their evolutionary diversity.
Conservation policies require resolved taxonomies that precisely depict limits between similar species and diverging evolutionary lineages (Rojas 1992; Crandal et al. 2000; Fjeldsa 2000; Mace 2004 ). As reported for mammals of the Atlantic Forest (opossums, sloths, bats, primates, and rodents), taxonomic imprecision may mask distinct evolutionary units, hindering conservation efforts aimed at maintaining evolutionary diversity (Brito 2004) . This has been the case for the endangered spiny rat Trinomys eliasi (Pessôa and Reis 1993) , a rodent belonging to the family Echimyidae, infraorder Hystricognathi (Woods and Kilpatrick 2005) .
This species of spiny rat from Maricá, near the coast of Rio de Janeiro state (southeastern Brazil; locality 1, Fig. 1 ), was originally described as Proechimys (Trinomys) iheringi eliasi, a new subspecies among 6 previously described from a widely distributed species across large portions of the Atlantic Forest, from Bahia to São Paulo states Reis 1993, 1996) . Following this arrangement, this taxon did not call the attention of conservationists, but it was later included in a list of endangered species (Endangered B1ab(iii)) according to International Union for Conservation of Nature criteria (Bergallo et al. 2000; Brito et al. 2008; Brito and Figueiredo 2003) when phylogenetic studies using molecular markers led to its recognition as a species (Lara et al. 1996; Lara and Patton 2000) .
The range of T. eliasi was initially restricted to Maricá, its type locality. Subsequently, samples from 8 other localities were collected in the coastal lowlands of northern Rio de Janeiro state and assigned to this species based on morphological assessment (localities 2-9, Fig. 1 ; Bergallo et al. 2004; Viveiros de Castro and Fernandez 2004; Geise and Pinheiro 2008; Pessôa et al. 2010; Tavares and Pessôa 2010) . These regions are presently under heavy anthropogenic pressure due to urbanization, extensive sugarcane cultivation, cattle breeding, and oil and mining development (Soffiati 2000; Santos et al. 2009; Saraça et al. 2009 ). Four T. eliasi occurrence localities are inside protected areas, potentially reducing the risk of extinction, while 5 others are within small forest fragments, some of which are under high risk of deforestation .
Recent qualitative and quantitative morphological analyses found geographically structured populations, with wide variation in cranial, bacular, and external characters, including substantive differentiation between certain localities and the type locality . This high morphological variation prompted us to question the proposition that all populations considered T. eliasi comprise a single evolutionary lineage. We analyzed variation of cytochrome b (Ctyb) sequences across the range of T. eliasi aiming to study the evolutionary history of this species and provide new insights potentially useful for the conservation of spiny rats in northern Rio de Janeiro state.
Materials and Methods
Analyzed specimens.-An inventory of small mammals inhabiting the lowlands of northern Rio de Janeiro state has been carried out since 2008; collections were performed with license number 12685-1/2008 issued by ICMBio (Brazilian Ministry of Environment). Six T. eliasi were collected using 3,540 traps × nights: 1 in the National Park of Jurubatiba (locality 6, Fig. 1 ) and 5 in Morro da Itaoca (locality 8, Fig. 1 ). Field procedures and the treatments applied to collected specimens were in accordance with American Society of Mammalogists guidelines for the use of wild mammals in research (Sikes et al. 2011) . Thirteen specimens from other localities were collected by L. Macedo, J. P. Lessa, E. Bittencourt, L. Geise, and P. R. Gonçalves who kindly provided tissues samples.
In total, 20 T. eliasi from 7 localities were analyzed ( Fig. 1 ; Table 1 ), from the most northern and southern ranges of its geographic distribution. We also analyzed 1 T. paratus (a sister species of T. eliasi according to Lara and Patton [2000] ), 1 T. setosus, 1 T. gratiosus, and 1 T. moojeni.
DNA extraction, PCR assays, and sequencing.-DNA extraction from skin, liver, and muscle was carried out with the phenol-chloroform protocol (Sambrook et al. 1989) . The complete sequence (1,140 bp) of the mitochondrial cytb gene was used for analyzing genetic divergence (Bradley and Baker 2001; Baker and Bradley 2006) .
Cytochrome b was PCR amplified using MVZ05 and CYTBRev primer pairs (Smith et al. 1992) . Amplifications consisted of an initial predenaturation at 94°C (2 min) followed by a phase of 10 cycles of denaturation at 94°C (30 s), initial annealing step at 53°C (30 s) with a continuous 0.5°C reduction per cycle, and extension at 72°C (1 min 30 s), followed by 25 cycles with annealing at 48°C (30 s) with similar denaturation and extension steps and a final extension at 72°C (5 min).
Amplified products were purified with the GFXTM PCR DNA and Gel Band Purification Kit (GE Healthcare, Buckinghamshire, United Kingdom). Sequencing reactions, with primers MVZ 05, CYTB-Rev, and MVZ 16 (Smith et al. 1992) , were carried out with the BigDye Ready Reaction Kit (Applied Biosystems, Foster City, California) following instructions of the manufacturer. Reactions were run in an ABI 3130xL platform (Applied Biosystems, Foster City, California) at the Research Center of the National Cancer Institute of Brazil.
Sequence editing and alignment.-The quality of electropherograms was evaluated with Finch TV 1.4.0 (Geospiza 2009 (1996) and aligned with ClustalW (Higgins et al. 1996) including complete Cytb sequences available in GenBank from 1 T. eliasi from the type locality, 5 other Trinomys species, and 16 other hystricognath rodents of different genera. Alignments were checked visually and edited manually. Nucleotide sequences were translated to check possible errors or nuclear sequences derived from mitochondria. All sequences included in our analyses are listed in Table 1 . Nucleotide content and genetic distances using GTR+Γ+I model were estimated. The most appropriate model of molecular evolution was selected using an initial neighborjoining (NJ) tree, maximum likelihood (ML) scores, and the Akaike Information Criterion (AIC) in MEGA 6.0 (Bos and Posada 2005) . AIC indicated GTR+Γ+I as the most appropriate model for phylogenetic reconstructions (Supporting Information S1).
Phylogenetic reconstructions and molecular clock estimates.-Phylogenetic reconstructions, following the GTR+Γ+I model, were carried out with PHYML version 3.0 (Guindon and Gascuel 2003) for ML and with MRBAYES 3.2 (Ronquist et al. 2012) for Bayesian inference (BI). The ML topology was searched with the best of Nearest Neighbor Interchange and Subtree Pruning and Regrafting algorithms from 5 random, starting trees generated by the BioNJ algorithm (Guindon and Gascuel 2003; Guindon et al. 2010; Ronquist et al. 2012; Nascimento et al. 2013) . Branch support in ML analysis was estimated with 1,000 bootstrap replicates. For BI estimates, analyses were run for 10,000,000 generations with sampling every 1,000. Acceptable mixing and convergence to the stationary distribution were checked with TRACER 1.5 (Rambaut and Drummond 2009 ) and the first 10% were discarded as burn-in. A maximum clade credibility tree was subsequently generated using software TreeAnnotator v.1.7.5 and plotted with FigTree v.1.4.0 .
Divergence times were estimated using an uncorrelated lognormal relaxed clock and were calibrated at 4 points in the phylogeny of Trinomys plus outgroups taxa in Hystricognathi using the software BEAST v.1.7.5 together with the abovementioned TRACER 1.5, TreeAnnotator v.1.7.5, and FigTree v.1.4.0 ). The calibration used lognormal distributed priors with minimum dates constrained by fossil data (Ho and Phillips 2009) , with lognormal means of 0.01 and lognormal standard deviation of 0.6, following as closely as possible the best practices for molecular clock estimates (Parham et al. 2012) . The 1st calibration point was constrained to a minimum of 41 million years ago (mya) for the split between Caviomorpha and Phiomorpha based on Antoine et al. (2012) who recorded the oldest stem caviomorph fossil from the Yahuarango formation of Peru (median = 42.1, 95% CI = 41.31-44.27). The 2nd calibration point was constrained at a minimum age of 17.5 mya for the echimyid basal diversification based in Paradelphomys of the early Miocene, the oldest fossil included in the echimyid crown-group (median = 18.51, 95% CI = 17. 81-20.77-Carvalho and Salles 2004; Fabre et al. 2012) . The 3rd and 4th calibration points were constrained at a minimum age 6 mya (median = 7.01, 95% CI = 6.31-9.27), accounting for the split between Thrichomys and Proechimys based on the dating of Pampamys emmonsae, a sister taxon of Thrichomys from Cerro Azul Formation of ChacosianHuayquerian age (Olivares et al. 2012) , and accounting for the split between Trinomys and the Euryzygomatomyini genera Euryzygomatomys and Clyomys based on the dating of Theridomysops parvulus of the late Miocene from Catamarca (Vucetich 1995; Olivares et al. 2012 ).
Network version 4.5.1.6 (Network 2010) was used for constructing a median joining network (Bandelt et al. 1999) with T. eliasi haplotypes for evaluating population structure and patterns of geographic distribution.
For individual populations or lineages of T. eliasi, the R 2 neutrality test (Ramos-Onsins and Rozas 2002) was conducted using DNASP 5.10.1 (Librado and Rozas 2009 ) to distinguish models of population growth from the null hypothesis of constant population size. This test was chosen because it is most appropriate for small sample sizes (Ramirez-Soriano et al. 2008) .
Results
Nine T. eliasi haplotypes were identified ( Table 2 ). All 8 haplotypes (H1-H8) from localities south of the Paraíba do Sul River (localities 1-8) were very similar to one another, with a mean genetic distance equal to 0.010 (SD = 0.0038), while the haplotype (H9) from the northern margin of this river (locality 9) was remarkably different, diverging from the southern haplotypes by a mean distance 0.047 (Table 2) , similar to the distance between the sister species T. eliasi and T. paratus (0.052).
Interspecific genetic distances in the genus Trinomys ranged from 0.049 (between T. paratus from Ibiraçu and T. eliasi H5) to 0.166 (between T. yonenagae and T. iheringi), while intraspecific distance between T. setosus setosus and T. setosus elegans equaled 0.027 (Table 2 ). All genetic distance estimates found in this study are listed in Supporting Information S3.
Phylogenetic analysis and divergence estimates.-BI and ML topologies were very similar, differing only in branch lengths. The phylogenetic relationship of Trinomys lineages is illustrated in Fig. 2 based on the BI reconstruction. Bootstrap ML estimates, posterior BI probabilities, mean heights, and 95% confidence intervals of the highest posterior density of the divergence date estimates at each node are illustrated in Fig. 2 and listed in Table 3 . Complete ML and BI topologies are shown in Supporting Information S4, and Supporting Information S5, respectively.
Maximum likelihood and BI phylogenetic reconstructions showed 2 strongly divergent and supported Trinomys clades (bootstrap = 88%; posterior probability = 1.0; node 1 in Fig. 2) . The 1st clade included T. moojeni, T. gratiosus, T. iheringi, and T. dimidiatus (node 13 in Fig. 2 ) and the 2nd clade included T. eliasi, T. paratus, T. setosus, and T. yonenagae (node 2 in Fig. 2 ). Phylogenetic reconstructions recovered a strongly supported clade formed by T. moojeni and T. gratiosus (bootstrap = 100%; posterior probability = 1.0; node 15 in Fig. 2 ). The crown divergence of Trinomys was estimated between 15.2 and 11.1 mya, in the middle Miocene (node 1 in Table 3 ) together with the majority of cladogenic diversifications.
The close relationship of T. eliasi and T. paratus, 2 geographically adjacent species, was supported by a long branch, high bootstrap estimates, and posterior probability (100 and 1.0, respectively; node 3 in Fig. 2 and Table 3 ). The divergence between T. paratus and T. eliasi was dated to the late Pliocene and early Pleistocene, between 3.3 and 1.8 mya (node 3 in Table 3 ).
Two divergent lineages were recognized within T. eliasi; the first one grouping 8 haplotypes (H1-H8) from animals captured south of Paraíba do Sul River (node 5), including haplotype H1 from the type locality (locality 1), and another including a single haplotype from Mata do Carvão (H9 in locality 9), a region north of the Paraíba do Sul River (Figs. 1  and 2 ). The monophyly of T. eliasi, including these 2 lineages, is supported by moderate bootstrap estimates and posterior probability (70 and 0.7245, respectively; node 4 in Fig. 2 and Table 3 ). These 2 lineages diverged between the late Pliocene to early Pleistocene, possibly nearly simultaneously with the splitting of T. eliasi and T. paratus, given the overlapping error bars on these divergence-time estimates. The monophyly of the southern lineage was strongly supported by a bootstrap estimate = 100 and posterior probability = 1.0 (node 5 in Table 3) ; their crown divergence probably occurred in the early to middle Pleistocene, between 0.79 and 0.34 mya.
Haplotype network and history of population size.-The haplotype network showed a strong spatial disjunction, with 8 T. eliasi from the southern range (H1-H8; localities 1-8) grouping in a cluster with relatively few internal substitutions and the single H9 haplotype (locality 9) connected to a median vector by 44 substitutions (Fig. 3) . Inside the southern cluster, 4 pairs of similar haplotypes were identified: H1-H2, H3-H7, H4-H5, and H6-H8. In locality 4 (Biological Reserve União), 4 different haplotypes (H2, H3, H4, H5) were identified among the 5 samples taken, contrary to localities 5 (n = 4), 6 (n = 3), and 8 (n = 4; Cabiúnas, Jurubatiba, and Morro da Itaoca, respectively), with only single haplotypes.
The R 2 neutrality test for the southern group resulted in an estimate of 0.133 (P = 0.82), suggesting constant population size in this lineage.
Discussion

Phylogenetic relationships and times of divergence in
Trinomys.-Trinomys stands as one the most diverse echimyid genera, currently comprising 10 recognized species grouped in strongly divergent clades (Lara et al. 1996 (Lara et al. , 2002 Lara and Patton 2000; Pessôa et al., in press ). Our results indicated that most speciation events in Trinomys occurred in the Miocene, in agreement with other molecular studies (Galewski et al. 2005; Upham and Patterson 2012) . Likewise, speciation events within other terrestrial echimyids, like Thrichomys and Proechimys, have been circumscribed to the same geological period or immediately afterward, in the Pliocene (da Silva and Patton 1998; Nascimento et al. 2013) . Paleontological records of South American hystricognath rodents congruently show that the middle-to-late Miocene was a prolific period of lineage diversification and turnover (Vucetich et al. 1999; Carvalho and Salles 2004; Olivares et al. 2012) .
Our findings were also congruent with other phylogenetic arrangements based on molecular data (Lara and Patton 2000; Upham and Patterson 2012) and provided new insights on the phylogenetic position of T. moojeni. Lara and Patton (2000) , without molecular data, and based on few morphological characters for T. moojeni, suggested that this species was closely related to T. paratus, T. eliasi, T. yonenagae, and T. setosus. Our study is the first molecular analysis of T. moojeni, and our results grouped this species with T. gratiosus and subsequently with T. iheringi and T. dimidiatus. T. moojeni and T. gratiosus also share the same diploid number (2n = 56) and very similar autosome fundamental number (FN = 106 for moojeni and FN = 108 for gratiosus -Corrêa et al. 2005) . Both species are restricted to the highlands of southeastern Brazil (generally higher than 1,000 m), while all other congeneric species occur in lower altitudes (Pessôa et al. 1992; Cordeiro and Talamoni 2006; Attias et al. 2009; Pessôa et al., in press ). Probably, a Trinomys lineage colonized higher altitudes, subsequently originating T. moojeni and T. gratiosus.
Miocene and Pliocene speciation of spiny rats has been invoked to refute the primacy of the Quaternary Refuge hypothesis as an explanation for high species diversity in the neotropics (da Silva and Patton 1998; Rull 2008 Rull , 2011 Antonelli et al. 2010 ). The divergence of T. paratus and T. eliasi at the transition between the Pliocene and Pleistocene appears to be a recent exception, corroborated by our findings and those of Upham and Patterson (2012) . Thus, T. eliasi must have evolved under the regime of Pleistocene global environmental oscillations that dramatically affected the geographic distribution of species in the Atlantic Forest (Carnaval and Moritz 2008; Carnaval et al. 2009 ).
Evolution of T. eliasi in northern Rio de Janeiro state.-With few exceptions, Trinomys species are exclusively forest dwelling and T. eliasi is restricted to forested patches in the lowlands of northern Rio de Janeiro state, a strongly dynamic region in terms of changes in forest cover during the Quaternary (Fernandez 1989; Coelho et al. 2008; Pessôa et al. 2010; Tavares and Pessôa 2010; Luz et al. 2011) . Our findings show that the patterns of genetic variation in T. eliasi are congruent with historical disjunction and unstable environments, with a strong divergence between isolated and distant populations (node 4) and low local variability (see node 5, Fig. 2 ). It is notable that node 4 is relatively uncertain (bootstrap = 70%; posterior probability = 0.7245) in separating T. eliasi as a monophyletic unit apart from T. paratus, especially regarding the phylogenetic position of the sample from Mata do Carvão (locality 9; H9). One possibility for this low Cytb resolution in distinguishing T. eliasi and T. paratus could be rapid diversification and incomplete lineage sorting in the late Pliocene to early Pleistocene. Sequencing additional nuclear loci will be useful for delimiting the species boundaries in relation to H9 in further studies. Nevertheless, morphological characters of the collected specimen from Mata do Carvão are clearly more similar to southernmost T. eliasi than to T. paratus .
High genetic divergence, traced to the late Pliocene or early Pleistocene, distinguished the single collected individual of T. eliasi from Mata do Carvão (north of Paraíba do Sul River) from all other individuals of the southern clade (Fig. 2) . With respect to other Trinomys species, this divergence was higher than between T. setosus setosus and T. setosus elegans collected some 400 km from one another. In view of the Paraíba do Sul River delimitating the distribution of the 2 T. eliasi lineages, their divergence might be explained by the riverine barrier or, perhaps also, by sea level changes during the Quaternary that fragmented regional lowlands (Martin et al. 1997) .
During the Miocene and Pliocene, a sedimentary basin called Barreiras Group was deposited across large areas of the Brazilian coastland, covering extensive areas of the northern lowlands of Rio de Janeiro state (Brito et al. 1996; Dantas 2001; Morais et al. 2006) . However, by the end of the Pliocene, the erosive effects of the Paraíba do Sul River carved a channel in this terrain (Dantas 2001) , resulting in a disjunction in the lowlands and creating a delta system whose waters reached the foothills of adjacent mountains of Serra do Mar ( Fig. 1 ; Martin et al. 1984 Martin et al. , 1997 Suguio and Tessler 1984) . Subsequently, terrain discontinuity was expanded by repeated and large Quaternary marine ingressions submerging extensive areas and isolating northern from southern lowlands ( Fig. 1 ; Martin et al. 1984 Martin et al. , 1997 . This inland sea was replaced by extensive estuaries, lagoons, and wet forests during marine regressions (Luz et al. 1999) . After the beginning of the Holocene, the region Table 3 .-Support and time information associated with nodes of the most well-supported complete Cytb phylogenetic tree (Fig. 2) . Nodes are numbered and represented in Fig. 2 gradually gave way to the alluvial and marine deposits that currently form the extensive sandy plains of the Paraíba do Sul River (Suguio and Tessler 1984) . Remnants of the Barreiras Group currently support the distinctive semideciduous forest called "mata-de-tabuleiro" (Veloso et al. 1991; Ab'Saber 2003) , including the Mata do Carvão, where the distinctive haplotype H9 was found (Fig. 1) . A similar geological event occurred at the mouth of the Doce River, 200 km north of the Rio Paraíba do Sul (Martin et al. 1997) . The region of Doce River (about latitude 19°S) is an important geographic boundary between genetically divergent populations of other mammal species, including sloths Bradypus torquatus and B. variegatus, and the cricetid rodent Rhipidomys mastacalis (Costa 2003; Moraes-Barros et al. 2006; Lara-Ruiz et al. 2008; Costa and Leite 2012) . Martins (2011) also pointed out that the combined effects of this River and Pleistocene marine ingressions might have operated as a historical barrier between populations of forest-dwelling organisms.
The strong divergence between H9 and the southern haplotypes (H1-H8), together with the above-mentioned geographic considerations, suggests that the sample from Mata do Carvão may belong to a different, still undescribed, species of Trinomys. An ~5% Cytb distance estimate is usually observed between different mammal species (Bradley and Baker 2001) and lineages containing phylogroups with this divergence level are likely to group unrecognized cryptic species (Baker and Bradley 2006) . Thus, the 4.7% Cytb divergence between H9 and southern haplotypes is comparable to the 5.2% interspecific distance between T. eliasi and T. paratus, although similar intrapopulational estimates were found in T. gratiosus (5.2%) and between populations of T. dimidiatus (4.8%-Lara and Patton 2000). Within this context, the Trinomys population from Mata do Carvão deserves further investigation to clarify their differences with respect to T. eliasi located south of the Rio Paraíba do Sul, which may lead to the description of a new taxon. It is necessary to improve local and regional sampling in order to detail the patterns of morphological variation and to include nuclear loci in further studies to delimit Trinomys species boundaries.
Genetic distance estimates among all southern haplotypes (H1-H8) were relatively low, suggesting a recent diversification from a common ancestor between 0.79 and 0.34 mya, in the early to middle Pleistocene. This diversification might have been associated with recent availability of restored habitats following regional environmental instability (Avise 2000) . Vegetation coverage of regional landscapes changed dramatically during the late Quaternary, as recorded in the pollen record (Luz et al. 1999 (Luz et al. , 2011 Freitas 2005; Coelho et al. 2008) and independently estimated by computational modeling (Carnaval and Moritz 2008; Martins 2011) . The theory of Quaternary refuges postulates that periods of lower atmospheric temperature and humidity reduced forest cover, resulting in allopatric isolation and perhaps population bottlenecks of exclusively forestdwelling species, followed by population growth after forest expansions, favoring genetic diversification. Genetic effects of population declines and expansions associated with Quaternary habitat oscillations have been reported for several vertebrate species from the Atlantic Forest, especially in the populations south of latitude 20ºS, where forest cover was more unstable (Carnaval and Moritz 2008; Carnaval et al. 2009; Martins 2011) . However, the R 2 statistic indicated that the southern lineage of T. eliasi did not suffer drastic alterations in population size, despite general instability of regional forests.
Also according to Quaternary refuge theory, higher genetic diversity is expected in regions that have remained stable during the most severe climatic fluctuations, especially in rainier localities (Carnaval et al. 2009; Martins 2011) . Despite limited sample size, our results agreed with this prediction showing that most genetic diversity in T. eliasi was recorded in locality 4 (Biological Reserve União), one of the rainiest localities in the lowlands of Rio de Janeiro state (Table 4 ). The geographic configuration of the rainfall regime in Rio de Janeiro state conforms to an orogenic pattern, with higher rates in the mountains and foothills and lower rates in the lowlands closer to the northern coast (André et al. 2008) . Localities 2-4 are located near the foothills of Serra do Mar and accumulate mean annual rainfall between 1,800 and 1,900 mm. Nearby sites may reach 2,100 mm per year (CPRM 2011), with only 1 or 2 dry months in winter (Nimer 1979; Bidegain and Völker 2003) . Conversely, mean annual rainfall in most regional lowlands ranges from 900 to 1,200 mm (localities 5-9), with 3 dry months in winter (Nimer 1979) . This geographic variation in rainfall regimes is probably the most determinant factor in forest structuring of the lowlands, with the rainiest region currently hosting dense evergreen forest (as in localities 2-4) and the driest region hosting seasonal semideciduous forests (as in localities 5, 8, and 9-Veloso et al. 1991) . If the rainiest region remained stably forested throughout the Quaternary (Coelho et al. 2008) , it might have sustained a large population of spiny rats and operated as a repository for T. eliasi diversity from adjacent forests. Haplotypes of Biological Reserve União were similar to other ones from different lowland localities, like H1 from Maricá (locality 1) and H7 from Jurubatiba (locality 6). Further studies with larger sample sizes from throughout the geographic distribution of T. eliasi will be needed to more clearly reconstruct current and historic patterns of diversity.
Implications for T. eliasi conservation.-The National Plan for Conservation of Mammals from the Central Atlantic Forest, published by the Ministry of Environment of the Brazilian Government (ICMBio 2010), listed a set of actions designed to increase the viability of threatened endemic species. Concerning T. eliasi, this plan noted the need for increased data collection about its genetic variability and geographic range and suggested the inclusion of its type locality in a conservation unit for further protection. Our findings partly address these needs and provide insights for conservation of this spiny rat species.
It is noteworthy that a strongly divergent T. eliasi lineage was exclusively found in the far north of Rio de Janeiro state, in the Mata do Carvão (locality 9), a locality protected under the State Ecological Station of Guaxindiba. This is the only Conservation Unit in this region and it protects the largest forest fragment of the area, comprising some 3,200 ha (Geise and Pinheiro 2008) . The State Ecological Station of Guaxindiba is a strategic priority area for the preservation of evolutionary diversity in T. eliasi. Future local studies on demographic parameters will be necessary to assess the viability of this population beyond the single individual thus far sampled. It is suggestive that this locality possibly harbors other distinct evolutionary lineages of animals or plants that have experienced the same geographic history as T. eliasi and warrant further phylogeographic studies. However, it should be noted that even basic faunal and floristic inventories are still scarce in this locality (Geise and Pinheiro 2008) , as well as in most forest remnants in the northern Rio de Janeiro state .
The identity of the population from the type locality (locality 1, Maricá) is another important issue for T. eliasi conservation. Craniometric data and qualitative characters of the skull, bacula, and pelage showed that the sample from Maricá was morphologically distinct from all others of the species , suggesting the possibility that this locality may contain an independent evolutionary lineage. However, our molecular analyses indicated that all populations south of the Paraíba do Sul River were genetically similar to the sample taken from the type locality. The sources of the morphological peculiarities of the population of the Restinga of Maricá are currently under investigation (W. C. Tavares, L. M. Pessôa, and H. N. Seuánez, pers. obs.) .
Biological Reserve União, our most diverse site, along with the nearby Poço das Antas, comprises 8,000 ha of federally owned lands that could contribute to the demographic and genetic viability of T. eliasi (Brito and Figueiredo 2003) . It will be useful to investigate the occurrence of this species in nearby forest fragments, especially those included in private natural reserves. Furthermore, this region has been subject to strong conservation efforts directed toward the golden lion tamarin (Leontopithecus rosalia) since the 1980s. These efforts have contributed to the maintenance of lowland forest fragments, directly enhancing local preservation of T. eliasi. In this case, the golden lion tamarin has served as a useful "umbrella species" for T. eliasi; however, it is necessary to better understand the specific ecological requirements of this rodent in order to maximize its long-term conservation (Roberge and Angelstam 2004) .
Resumo
Trinomys eliasi é uma espécie ameaçada de rato de espinho endêmica de uma pequena área de baixada do estado do Rio de Janeiro. Poucos dados sobre sua biologia e variação estão disponíveis como suporte para políticas de conservação. Neste trabalho nós provemos dados sobre sua variação genética, elucidando aspectos acerca de sua diferenciação evolutiva com base na análise do gene citocromo b. Nossos resultados mostram que T. eliasi divergiu de sua espécie irmã, T. paratus, no início do Pleistoceno ou no final do Plioceno (cerca de 2,5 Maa). Duas linhagens mitocondriais de T. eliasi divergiram no início do Pleistoceno (cerca de 2,1 Maa) atualmente separadas por um rio de grande porte e por um terreno holocênico previamente ocupado por um vasto mar interior pleistocênico, que devem ter atuado como barreiras históricas entre as populações. Os haplótipos da linhagem sul divergiram relativamente tarde no Pleistoceno (cerca de 0,6 Maa) e sua diversidade genética não está igualmente distribuída ao longo da paisagem, mas parece estar concentrada nas áreas mais chuvosas, que contém os maiores remanescentes florestais. Esta região deve ser considerada uma prioridade para a conservação. No extremo norte do estado do Rio de Janeiro foi encontrada uma linhagem isolada de T. eliasi, altamente divergente, que merece uma investigação mais aprofundada para avaliar a viabilidade de sua população. Este trabalho ressalta a necessidade de estudos em fina escala sobre a variação genética de espécies ameaçadas para a preservação de sua diversidade evolutiva.
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